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(54) Abstract Title 

Orthogonal modulation scheme with reduced peak to average power ratio (PAPR) 

(57) The present invention relates to an apparatus and method for modulating data by employing orthogonal 
variable spreading factor (OVSF) codes in a mobile communication system. A code generating means 
generates at least one spreading code to be allocated to a channel and is selected such that two consecutive 
pairs of in-phase (I) and quadrature (Q) data correspond to two points located on the same point in the phase 
domain (see figure) or are symmetrical with respect to the zero point {see fig. 9) . Data for transmission is then 
spread using the generated code and phase rotated by a Walsh rotator such that the phase difference between 
consecutive points is ninety degrees (90*). The ninety degree phase difference leads to a reduction in the peak 
to average power ratio (PAPR) of a mobile station. Preferably the orthogonal complex quadrature phase shift 
keying (OCQPSK) modulation scheme is adopted. 
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APPARATUS AND METHOD FOR MODULATING DATA MESSAGE BY EMPLOYING 
ORTHOGONAL VARIABLE SPREADING FACTOR {0 VSF) CODES IN MOBILE 

COMMUNICATION SYSTEM 



Field o-p i-h<> in ga n&lQE 



The present invention relates to an apparatus and method for 
modulating a data message in a mobile communication system; and, more 
particularly, to an apparatus and method for modulating a data message 
10 by employing orthogonal variable spreading factor (OVSF, codes in 
a mobile communication system. 

Description of rhR P rinr &r± 

15 Generally, a mobile communication system such as an 

international mobile telecommunication-2000 (IMT-2000) system i s 
capable of providing various services of good quality and large 
capacity, an international roaming and so on. The mobile 
communication system can be applicable to high-speed data and 
20 multimedia services such as an Internet service and an electronic 
commerce service. The mobile communication system carries out 
orthogonal spread with respect to multiple channels. The mobile 
communication system allocates the orthogonal spread channels to an 
in-phase (I) branch and a quadrature-phase (Q) branch. A peak- 
25 to-average power ratio (PAPR) needed to simultaneously transmit 
I-branch data and Q-branch data affects power efficiency of a mobile 
station and a battery usage time of the mobile station. 



1 



10 



15 on. 



The power efficiency and the> *=,4-* 

battery usage time of the mobile 
statxon are closely talaf^ *-« , ie 

station . ' Elation scheme of the mobile 

IT; a modulation standara ° f is - 2ot> ° - -^ hronous 

guadrature phase shift 

■ 9 |oc 3PSK) has been adopted. The 
modulation scheme of ocopsjc <. ,•<„.., 

„. ^ QPSK 15 disclo -cl in an article by JaeRyong 

Shxm and Seungchan Bang: • 'Spectxallv r*w t * 

^Peccra^ly Efficient Modulation and 
spreading Scheme for CDMA Systems- in 

yszems ^ electronics .letters, 12th 
November 1 998 , vol. 34, No . 23 , pp . 22l0 _ 22n . 

As disclosed in the article, the mobile Nation carries out the 
orthogonal spread by employing a Hari**,*^ 

. ^ Y g Hadam ard sequence as a Walsh code 

» the modulation scheme c f the ocqpsk. Mtst the orthogonal spread, 
and Q channels are spread by . Balsh rot ator. and a spreading code, 
a pseudo noise , w code, code , . Gold code ^ ^ 



^rtner, as for multiple channels, the mobile station carries 
out the orthogonal spread by employing dl « erent Hatdamard 
After the orthogonal spread, the orthogonal spread channels are 
coupled and branches. T hen, the orthogonal spread channels 

» coupled to the I branch and the orthogonal spread channels coupled 
to the 0 bra nch is separately 3UMted . The r ^ Q 
screwed by the Walsh rotator and the scrambling code. Howe.er, 
there Is a problem that the sbove-mentioned modulation scheme can 
not effects reduc « the PAPR ln ^ ^ 



2 



aummao! at Tn -n nfi aa 

It is, therefore, an object of the present invention to provide 
« apparatus ana method for modulating a data message that i. capable 
5 of improving a power efficiency of a mobile station by reducing a 
peak-to-average power ratio in a mobile communication system. 

m accordance with an embodiment of an aspect of the present 
invention, there is provided an apparatus for converting source data 
to a channel- modulated signal having a Pl urality at pairs of i„-phase 
.0 (I) and guadrature-phase , 0) data in a mobile station, wherein the 
mobile station uses at least one channel, comprising: channel coding 
means for encoding the source data to generate at -least one data part 
and a control part; code generating means for generating at least 
one spreading code to be allocated to the channel, wherein each 
15 spreading code is selected on the basis of a data rate of the data 
part and the control part and spreading codes are selected so that 
two consecutive pairs of the I and Q data are correspondent to two 
points located on same point or symmetrical with respect to a zero 
point on a phase domain; and spreading means for speeding the control 

*> P-tandthedatapartbyusingthespreadingcoda, to thereby generate 
the channel-modulated signal. 

In accordance with another embodiment of the aspect of the 
present invention, there is provided an apparatus for converting 
source data to a channal^dulated signal having a plurality of pairs 
25 of in-phase (I) and guadrature-phase (Q) data in « mobile station, 
wherein the mobile station uses K number .of channels where H is a 
positive integer, comprising: channel coding means for encoding the 



source data to generate (N-1J number of data parts and a control part; 
code generating means for generating n iumbeir of spreading codes to 
be allocated to the channels, wherein each spreading code is selected 
on the basis of a data rate of each data part and the control part 
5 and the spreading codes are selected so* that two consecutive pairs 
of the I and Q data are correspondent to two points located on same 
point or symmetrical with respect to a zero point on a phase domain; 
and spreading means for spreading the control part and the data parts 
by using the spreading codes, to thereby generate the channel- 
10 modulated signal. 

In accordance with an embodiment of another aspect of the present 
invention, there is provided a mobile station for converting source 
data to a channel -modulated signal having a plurality of pairs of 
in-phase (I) and quadrature-phase (Q) data, wherein the mobile 
15 station uses N number of channels where N is a positive integer, 
comprising: channel coding means for encoding the source data to 
generate (N-l) number of data parts and a control part; code 
generating means for generating N number of spreading codes to be 
allocated to the first and the second channels, wherein each spreading 
20 code is selected on the basis of a data rate of each data part and 
the control part and the spreading codes are selected so that two 
consecutive pairs of the I and Q data are correspondent to two points 
located on same point or symmetrical with respect to a zero point 
on a phase domain; and spreading means for spreading the control part 
25 and the data parts by using the spreading codes, to thereby generate 
the channel-modulated signal. 

In accordance with an embodiment of further another aspect of 



the present invention, there is provided a method for converting 
source data to a channel- modulated signed, having a plurality of pairs 
of in-phase (I) and quadrature-phase (Q) data in a mobile station, 
wherein the mobile station uses at least one channel, comprising the 
5 steps of; a) encoding the source data to! generate at least one data 
part and a control part; b) generating at least one spreading code 
to be allocated to the channel, wherein each spreading code is 
selected on the basis of a data rate of the data part and the control 
part and spreading codes are selected so. that two consecutive pairs 
10 of the I and Q data are correspondent to two points located on same 
point or symmetrical with respect to a zero point on a phase domain; 
and c) spreading the control part and the data part by using the 
spreading code, to thereby generate the channel-modulated signal. 
In accordance with another embodiment of further another aspect 
15 of the present invention, there is provided a method for converting 
source data to a channel- modulated signal having a plurality of pairs 
of in-phase (I) and quadrature-phase (Q) data in a mobile station, 
wherein the mobile station uses W number of channels where N is a 
positive integer, comprising: a) encoding the source data to generate 
20 (N-l) number of data parts and a control part; b) generating N number 
of spreading codes to be allocated to the channels, wherein each 
spreading code is selected on the basis of a data rate of each data 
part and the control part and the spreading codes are selected so 
that two consecutive pairs of the I and Q data are correspondent to 
25 two points located on same point or symmetrical with respect to a 
zero point on a phase domain; and c) spreading the control part and 
the data parts by using the spreading codes, to thereby generate the 



channel-modulated signal. 

I 

B rief m-irrintion n t ^ rrmrtn g. 



5 The above and other o bj acts and features of the instant invention 

will become apparent from the following description of preferred 
embodiments taken in conjunction with the accompanying drawings, i„ 
which: 

Pig- 1 is a block diagram illustrating a mobile station to which 
10 the present invention is applied; 

Fig. 2 is an exemplary view illustrating a tree structure of 
spreading codes applied to the present .invention; 

Fig. 3 is an exemplary bloc* diagram depicting a modulator shown 
in Fig. i m accordance with the present invention; 
15 Pig. 4 is a block diagram describing a spreading code generator 

shown in Fig. 3; 

Fig. 5 is an exemplary diagram illustrating a case where a mobile 
station uses two channels; 

Fig. 6 is an exemplary diagram depicting a case where multiple 
20 mobile stations share a common complex-valued scrambling code; 

Fig. 7 is an exemplary diagram showing a case where a mobile 
station uses multiple channels; 

Fig. 8 is a first exemplary view describing a desirable phase 
difference between rotated points on a phase domain where a Walsh 
25 rotator rotates points at consecutive chips; 

Fig. 9 is a second exemplary view showing a desirable phase 
difference between rotated points on a phase domain where a Walsh 



rotator rotates points at consecutive chips; 

Fig. 10 is a first exemplary view depicting an undesirable phase 
difference between rotated points on a phase domain where a Walsh 
rotator rotates points at consecutive chips; 
S Pigs. 11 and 12 are third exemplary views illustrating a 

desirable phase difference between rotated points on a phase domain 
where a Walsh rotator rotates points at consecutive chips; 

Figs. 13 and 14 are second exemplary views illustrating an 
undesirable phase difference between rotated points on a phase domain 
10 where a Walsh rotator rotates points at consecutive chips; 

Fig. 15 is a graphical diagram describing the probability of 
peak power to average power; and 

Figs. 16 to 22 are flowcharts illustrating a method for 
modulating a; data message in a mobile station in accordance with the 
15 present invention. 

Detailed Desnripti rm nf Hio Tr , Y f > r t J fm 

Referring to Fig. 1, there is shown a block diagram illustrating 
20 a mobile station to which the present invention is applied. As shown, 
the mobile station includes a user interface 20, a central processing 
unit (CPU) 180, a modem 12, a source codec 30, a frequency converter 
8 0, a user identification module 50 and an antenna 70. The modem 
12 includes a channel codec 13, a modulator 100 and a demodulator 
25 120. The channel codec 13 includes an encoder 110 and a decoder 127. 

The user interface 20 includes a display, a keypad and so on. 
The user interface 20, coupled to the CPU 180, generates a data 



7 



message to r8sponse to . us6r input ^ a interface 
20 sends Che data message to the CPU 180. 

The user identification module 50, coupled to the CPU 180, sends 
use, identification in^atlon as a data message to the CPU 180 
5 The source codec 30, coupled to the CPU 180 and the modem 12, encodes 
source data, e.g., video, voice and so on, to generate the encoded 
source data as a data message. Then, the source codec 30 sends the 
encoded source data as the data message to the CPU 180 or the modem 
12. Further, the source codec 30 decodes the data message from the 
.0 CPU !80 or the modem 12 to generate the source data, e.g., video, 
voice and so on. Then, the source codec 30 sands the source data 
to the CPU 180. 

The encoder 110, contained in the channel codec 13, encodes the 
data message from the CPU 180 or the source codec 30 to generate one 
.5 or more data parts. Then, the encoder 110 generates a control part 
The encoder 110 sends the one or more data parts to the modulator 
100 . The modulator 100 modulates the one or more data parts and the 
control part to generate I and Q signals as baseband signals. The 
frequency converter 80 converts the baseband signals to intermediate 
» frequency ,if, sl9nals ln response to a convfirsion 

from the CPU 180. After converting the baseband signals to the if 
signals, the freguency converter 80 converts the IF signals to radio 
frequency (rp, sisals. The frequency converter 80 sends the RF 
signals to the antenna 70. Further, the frequency converter 80 

25 controls a gain of the RF sicmal «, mv« 

signals . The antenna 70 sends the RF signals 

to a base station (not shown) . 

The antenna 70 sends the RF signals from the base station to 



8 



the frequency converter 80 . The frequency converter 80 converts the 
RF signals to the IF signals. After converting the RF signals to 
the IF signals, the frequency converter 80 cdnverts the IF signals 
to the baseband signals as the I and Q signals . The demodulator 90 
5 demodulates the I and Q signals to generate the one or more data parts 
and the control part . The decoder 127 , contained in the channel codec 
13, decodes the one or more data parts and the control part to generate 
the data message. The decoder 127 sends the data message to the CPU 
180 or the source codec 30. 
10 Referring to Fig. 2/ there is shown- an exemplary view 

illustrating a tree structure of spreading . codes as orthogonal 
variable spreading factor (OVSF) codes applied to the present 
invention. As shown, a spreading code is determined by a spreading 
factor (SF) and a code number in a code tree, wherein the spreading 
is code is represented by C SFi cede ttUinber . c 9T , code ftUDber ia up of a 

raal-valued sequence. The SF is 2* where N is' 0 to 8, and the code 
number is 0 to 2 s - 1. 



fool = pM> c,, 0 -j H. !l 
|c 2 ,J (c, 0 -C U0 J [l -ij 



where C 10 = 1 Eq. (1) 
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For example, a spreading code having an SF of 8 and a code number 
of 1 is represented by c., t - (I, 1, 1, 1, -1, -1, -i, - 1} according 
to Eqs . (l ) and (2) . in case where the SF is more than 2, the spreading 
5 codes are grouped by two groups, xncluding a first group and a second 
group according to a code number sequence. The first group includes 
the spreading codes with the SF and code numbers of 0 to SF/2-1 and 
the second group includes the spreading codes with the SF and code 
numbers of SF/2 to SF-1. Therefore, the number of spreading codes 
10 contained in the first group is the same as that of spreading codes 
contained in the second group. 

Each spreading code contained in the first or second group is 
made up of real values. Each spreading code contained in the first 
or second group can be employed in an OCQPSK modulation scheme, it 
15 is preferred that a spreading code, contained in the first group, 
is selected for the OCQPSK modulation scheme. However, where a 
spreading code, contained in the second group, is multiplied by 
another spreading code with a minimum code number, i.e., SF/2, 
contained in the second group, the multiplication of the spreading 
20 codes, contained in the second group, becomes the same as a spreading 



code contained in the first group. Accordingly, the multiplication 
of the spreading codes contained in the .second group is represented 
by a spreading code of the first group. As a result, all the spreading 
codes, i.e., OVSF codes, of the first and second groups are useful 
S for reducing the peak-to-average power: ratio (PAPR) of the mobile 
station. 

Referring to Fig. 3, there is shown a block diagram depicting 
a modulator shown in Fig. i in accordance with the present invention. 
The mobile communication system includes a base station and a mobile 
10 station employing a plurality of channels, wherein the mobile station 
includes the modulator. The channels include a control channel and 
one or more data channels. 

The one or more data channels include a physical random access 
channel (PRACH) , a physical common packet channel (PCPCH) and 
15 dedicated physical channel (DPCH) . m a PRACH or PCPCH application, 
a control channel and only one data channel, i.e., PRACH or PCPCH, 
are coupled between the encoder 110 and the spreader 130. The DPCH 
includes dedicated physical data channels (DPDCHs) . In a DPCH 
application, a dedicated physical control channel (DPCCH) as a 
20 control channel, and up to six data channels, i.e., DPDCH 1 to DPDCH 
5 are coupled between the encoder 110 and the spreader 130 . As shown, 
a modulator 100 includes an encoder 110, a code generator 120, a 
spreader 130, a scrambler 140, a filter 150, a gain adjuster 160 and 
an adder 170. 

2S The encoder 110 encodes the data message to be transmitted to 

the base station to generate one or more data parts. The encoder 
110 generates a control part having a control information. The 
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encoder 110 evaluate, an SF based on a data rate of the one or aore 
data parts. 

The CPU 160, coupled to the encoder 110, -receives the SF related 
to the one or more data parts from the encoder Ho, The CPU 180 
5 produces one or more code numbers related to the one or more data 
parts and an SF and a code number related to the control part. 

The code generator 120 includes a spreading code generator 121, 
a signature generator 122 and a scrambling code generator 123. The 
code generator 120, coupled to the CPU 180,. generates spreading codes, 
10 i.e., c„ to C dn and C c , a signature S and a complex-valued scrambling 
code. The spreading code generator 121, coupled to the CPU 180 and 
the spreader 130, generates the spreading codes in response to the 
SF and the one or more code numbers related to the one or more data 
parts and an SF and a code number related to the control part from 
15 the CPU 18 0. The spreading code generator 121 sends the spreading 
codes to the spreader 130. 

The signature generator 122, coupled to the CPU 180 and the 
spreading code generator 121, generates the signature S to send the 
signature S to the spreading code generator 12 1 . The scrambling code 
20 generator 123 generates the complex- valued scrambling code to send 
the complex-valued scrambling code to the scrambler 140. 

The spreader 130 spreads the control part and the one or more 
data parts from the encoder 110 by the spreading codes from the code 
generator 120. 

25 The scrambler 140 scrambles the complex-valued scrambling code, 

the one or more data parts and the control part spread by the spreader 
130, thereby generating scrambled signals. The scrambler 140 



includes a Walsh rotator, which is typically employed in the OCQpsk 
modulation scheme. The Walsh rotator rotates the one or more data 
parts and the control part spread by the spreader 130. 

The filter 150, i.e., a root raised cosine (PRC) filter, 
5 pulse-shapes the scrambled signals to generate pulse-shaped signals . 
The gain adjuster 160 multiplies each of the pulse-shaped signals 
by the gain of each channel, thereby generating gain-adjusted signals . 
The adder 170 sums the gain-adjusted signals related to an I branch 
or the gain-adjusted signals related to a Q branch, to thereby 
10 generate a channel-modulated signal having a plurality of pairs of 
I and Q data in the mobile station. 

Referring to Fig. 4, there is shown a block diagram describing 
a spreading code generator shown in Pig. 3. As shown, the spreading 
code generator includes a storage device 210, an 8-bit counter 220, 
15 a plurality of logical operators 231 and 233 and a plurality of 
multiplexers 232 and 234. 

The storage device 210 includes one ormore registers 211 related 
to the one ormore data parts and a register 212 related to the control 
part. The one or more registers 211 stores an SF and code numbers 
20 related to the one or more data parts sent from the CPU 180 shown 
in Fig. 3. The register 212 stores an SF and a code number related 
to the control part sent from the CPU 180. 

The 8-bit counter 220 consecutively produces a count value of 
B-jB^BsB^BsBjB^o as 8-bit count value in synchronization with a clock 
25 signal CHIP_CLK issued from an external circuit, wherein B 0 to B, are 
made up of a binary value of 0 or 1, respectively. 

The one or more logical operators 231 carry out one or more 
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logical operations with the SF and the bode numbers related to the 
one or more data parts stored in the one or more register 211, thereby 
generating the spreading codes related to the one or more data parts. 
A code number is represented by W^W,, wherein I 0 to 1 7 are 
5 the binary value of 0 or 1, respectively. 

The logical operator 233 carries out a logical operation with 
the SF and the code number of 1,1.1,1,1,1^10 related to the control 
part stored in the register 212, thereby generating a spreading code 
related to the control part. 



10 ll® 7 . wfaere2<N£8 Eq. (3) 



where * denotes a multiplication in modulo 2 and II e denotes 
an exclusive OR operation. Each logical operator 231 or 233 carries 
out a logical operation according to Eq. (3) where SF = 2 M . 

If the SF is 256, each logical operator 231 or 233 carries out 
15 a logical operation of B f .I d ®B,.l 1 «B,.i i ®B 4 . 1 3 ®B 3 . 1^.1^.1^. I, 
If the SF is 128, each logical operator 231 or 233 carries out 
a logical operation of B 6 .I 0 ©b 8 .I 1 ©b,.I 2 ©b,.I 3 ©b 2 .I 4 ©b 1 -I 5 ®b 0 .I 8 . 

If the SF is 64, each logical operator 231 or 233 carries out 
a logical operation of B^i^B.-i^.i^-^eB^I^BoTs. 
20 If the SF is 32, each logical operator 231 or 233 carries out 

a logical operation of B 4 .I 0 ©b 3 »I 1 ©B 2 .I 2 ©b 1 .I 3 ©B 0 .I 1 . 

If the SF is 16, each logical operator 231 or 233 carries out 
a logical operation of B 3 .i 0 ©b 2 . 1^.1^0.13. 

If the SF is 8, each logical operator 231 or 233 carries out 
25 a logical operation of Bj'I^Bj-I^Bo*^. 
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If the SF is 4, each logical operator 231 or 233 carries out 
a logical operation of B 1 *i 0 QB 0 .i 1 . 

The one or iaore multiplexers 232 selectively output the one or 
more spreading codes from the one or more logical operators 231 in 
5 response to one or more select signals as the SF related to the one 
or more data parts . 

The multiplexer 234 selectively outputs the spreading code from 
the logical operator 233 in response to a select signal as the SF 
related to the control part. 
10 Referring to Fig. 5, there is shown an exemplary diagram 

illustrating a case where a mobile station uses two channels. 

As shown, when the mobile station uses the two channels and SF 
= 2 N where N - 2 to 8, the spreading code generator 121 generates 
a spreading code of C* P , SF/4 to be allocated to the DPDCH or the PCPCH 
15 as a data channel. Further, the spreading code generator 121 
generates a spreading code of C 2S6 , 0 to be allocated to the DPCCH or 
the control channel. Then, the spreader 130 spreads the DPDCH or 
the PCPCH by the spreading code of C 3F , „„. Further, The spreader 
130 spreads the control channel by the spreading code of C 2S6 . „. At 
20 this time, the scrambling code generator 123 generates a 
complex-valued scrambling code assigned to the mobile station. 
Further, the complex-valued scrambling code can be temporarily 
reserved in the mobile station. 

Referring to Fig. 6, there is shown an exemplary diagram 
25 depicting a case where multiple mobile stations share a common 
complex- valued scrambling code in the PRA.cn application. 

As shown, where the multiple mobile stations share a common 
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complex-valued scrambling code and SP = 2 N where N = 5 to 8 and s 
= 1 to 16, the spreading code generator 121 generates a spreading 
code of c Sf , STls . luie to be allocated to the PRACH. Further, the 
spreading code generator 121 generates a spreading code of C 25fi , . 

16 (5-1) ■•IS 

5 to be allocated to the control channel. 

Then, the spreader 130 spreads the i PRACH by the spreading code 
of C sr , „ i9 . lt/19 . Also, the spreader 130 spreads the control channel 
by the spreading code of C 28S , „ (s . l>+15 . At this time, the scrambling 
code generator 123 generates a common complex-valued scrambling 
10 code . 

Referring to Fig. 7, there is shown an exemplary diagram showing 
a case where a mobile station uses multiple channels . As shown, where 
the mobile station uses one control channel and two data channels 
and the SF related to the two data channels is 4, the spreading code 
15 generator 121 generates a spreading code of C 2S6/ , to be allocated 
to the DPCCH. Further, the spreading code generator 121 generates 
a spreading code of C 4 , x allocated to the DPDCH 1 . Furthermore, the 
spreading code generator 121 generates a spreading code of c 4 , l 
allocated to the DPDCH 2. 
20 Then, the spreader 130 spreads the DPDCH 1 by the spreading code 

of C 4 , ! . Further, the spreader 130 spreads the DPDCH 2 by the spreading 
code of C 4f i. Furthermore, the spreader 130 spreads the DPCCH by the 
spreading code of C„ 6 , 0 . At this time, the scrambling code generator 
123 generates a complex-valued scrambling codes assigned to the 
25 mobile station. 

As shown, where theKiobile station uses one control channel and 
three data channels and the SF related to the three data channels 



is 4, the spreading code generator 121 further generates a spreading 
code of c 4 , 3 to be allocated to the DPDCH 3. Then, the spreader 130 
further spreads the DPDCH 3 by the spreading code of C 4 , 3 . 

As shown, where the mobile station uses one control channel and 
5 four data channels and the SF related to the four data channels is 
4, the spreading code generator 121 further generates a spreading 
code of C 4 , , to be allocated to the DPDCH 4 . Then, the spreader 130 
further spreads the DPDCH 4 by the spreading code of C 4# 3 . 

As shown, where the mobile station uses one control channel and 
10 five data channels and the SP related to the five data channels is 
4, the spreading code generator 121 further generates a spreading 
code of C<, 2 to be allocated to the DPDCH 5. Then, the spreader 130 
further spreads the DPDCH 5 by the spreading code of C 4 , 2 . 

As shown, where the two mobile station uses one control channel 
15 and six data channels and the SF related to the six data channels 
is 4, the spreading code generator 121 further generates a spreading 
code of C 4 , 2 to be allocated to the DPDCH 6. Then, the spreader 130 
further spreads the DPDCH 6 by the spreading code of C 4 , 2 . 

Referring to Fig. 8, there is shown a first exemplary view 
20 describing a desirable phase difference between rotated points on 
a phase domain where a Walsh rotator rotates points at consecutive 
chips. 

As shown, in case where an SF is 4 and a code number is 0, a 
spreading code of c 4 , 0 is represented by {l, l, l, l>. Further, in 
25 case where the SF is 4 and a code number is 1, a spreading code of 
C 4r t is represented by {1, 1, -1, -l}. 

Assume that two channels are spread by the spreading code of 
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C«. o (1, 1, 1, 1} and the spreading code of C«, l = {l, i, _ 1# 
1), respectively. At this time, real values contained 'm the 
spreading code of c 4 , . = {1 , X , lf 1} ^ r ^ esented by points ^ 
a real axis of a phase domain. Further, real values contained in 
5 the spreading code of C„ , - {1 , 1, _ 1# _ 1} are represented by po±nts 
on an imaginary axis of the phase domain. 

At a first or second chip, a point {1, i }/ i. e ., a point ® or 
©, is designated on the phase domain by first or second real values 
contained in the spreading codes of C,, 0 and C 4 , , A ta third or fourth 
10 chi P/ a point (1, -i), i.e., a point ® or ®, ±. designated on the 
Phase domain by third or fourth real values contained in the spreading 
codes of C 4 , 0 and c«. x . The points ® and © are positioned on the same 
point as each other. Also, the points ® and ® are positioned on 
the same point as each other. Where the Walsh rotator rotates the 
15 points at chips, the points are rotated by a predetermined phase, 
respectively. 

For example, where the Walsh rotator rotates the point ® or 
® at an odd chip, the point ® or d> is rotated to a clockwise direction 
by a phase of 45° . Further, where the Walsh rotator rotates the point 
20 <D or ® at an even chip, the point * or ® is rotated to a 
counterclockwise direction by the phase of 45* . After rotating the 
points ® and * or the points ® and ® at the bdd and even chips as 
two consecutive chips, a phase difference between the rotated points 
©' and ©' or the rotated points «X and ©< becomes 90'. Where the 
25 phase difference between the rotated points ©' and ©' or the rotated 
points ®> and ®' becomes 90-, a peak-to-average power ratio (PAPR) 
of a mobile station can be reduced. 
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For another example, where the Walsh rotator rotates the point 
CD or © at an odd chip, the point CD or <D is rotated to the 
counterclockwise direction by the phase'of 4S* . Further, where the 
Walsh rotator rotates the point <D or ft. at an even chip, the point 
5 <D or <D is rotated to the clockwise direction by the phase of 4S». 
After rotating the points <£ and <S> or the points ® and ® at the odd 
and even chips as two consecutive chips, a phase difference between 
the rotated points CD" and ©" or the rotated points <&> and <D" becomes 
90*. Where the phase difference between the rotated points CD" and 
10 Or or the rotated points <D" and ®" becomes 90% the peak-to-average 
• power ratio of the mobile station can be reduced. 

Referring to Fig. 9, there is shown a second exemplary view 
showing a desirable phase difference between rotated points on a phase 
domain where a Walsh rotator rotates points at consecutive chips, 
is First, assume that two chaunels are spread by a spreading code 

of c <, 2 53 U, -1, 1, -1} and a spreading code of c 4 , } ~ (l, -l, - 
1, 1), respectively. 

At a first chip, a point {1, 1}, i.e., a point ®, is designated 
on the phase domain by first real values contained in the spreading 
20 codes of C 4 , , and c 4> 3 . At a second chip, a point {-1, -l}, i.e., 
a point ®, is designated on the phase domain by second real values 
contained in the spreading codes of C 4 , and C 4 . 3 . The points CD and 
@ are symmetrical with respect to a zero point as a center point 
on the phase domain. 

25 At a third chip, a point fl r -1}, i.e., a point <S>, is designated 

on the phase domain by third real values contained in the spreading 
codes of C 4 , 2 and C 4 . 3 . At a fourth chip, a point <-l, 1}, i.e., a 



19 



point ®, is designated on the phase domain by fourth real values 
contained in the spreading codes of c,, , and C 4 , s . Th e points ® and 
© are symmetrical with respect to the zero point on the phase domain. 
Where the Walsh rotator rotates the points at chips, the points are 
5 rotated by a predetermined phase, respectively. 

For example, where the Walsh rotator rotates the point <D or 
© .at an odd chip, the point <D or ® is rotated to a clockwise direction 
by a phase of 45° . Further, where the Walsh rotator rotates the point 
© or © at an even chip, the point © or © is rotated to a 
10 counterclockwise direction by the phase of 45° . After rotating the 
points CD and © or the points © and @ at the odd and even chips as 
two consecutive chips, B phase difference between the rotated points 
©' and ©' or the rotated points ©' and ©' becomes 90*. where the 
Phase difference between the rotated points ©' and ©' or the rotated 
1.5 points ©' and'©' becomes 90°, a peak-to-average power ratio of a 
mobile station can be reduced. 

For another example, where the Walsh rotator rotates the point 
© or © at an odd chip, the point © or © is rotated to the 
counterclockwise direction by the phase of 45°. Further, where the 
20 Walsh rotator rotates the point © or © at an even chip, the point 
© or © is rotated to the clockwise direction by the phase of 45*. 
After rotating the points © and © or the points © and © at the odd 
and even chips as two consecutive chips, a phase difference between 
the rotated points ©" and ©" or the rotated points ©" and®" becomes 
25 90°. Where the phase difference between the rotated points ©" and 
©" or the rotated points ®" and ®" becomes 90*, the peak-to-average 
power ratio of the mobile station can be reduced. 
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Referring to Fig. 10, there is shown a first exemplary view 
depicting an undesirable phase difference between rotated points on 
a phase domain where a Walsh rotator rotates points at consecutive 
chips . ! 

5 First, assume that two channels are Spread by the spreading code 

of c <' 0 = I 1 ' 1 ' 1 > a^d the spreading code of C 4 , 2 = {l, -l, i, 
-1}, respectively. 

At a first chip, a point {1, 1}, i.e., a point CD, is designated 
on the phase domain by first real values contained in the spreading 
10 codes of c 4 , o and C 4 , 2 . At a second chip, a point {1, -l}, i.e., a 
point ©, is designated on the phase domain by second real values 
contained in the spreading codes of C 4 , 0 and C 4 , 2 . The points CD and 
® are symmetrical with respect to the real axis on the phase domain. 
At a third chip, a point {1, 1}, i.e., a point @, is designated 
15 on the phase domain by third real values contained in the spreading 
codes of c 4 . o and C 4 , 2 . At a fourth chip, a point {1, -1}, i.e., a 
point ®, is designated on the phase domain by fourth real values 
contained in the spreading codes of c,, 0 and C 4 , 2 . The points ® and 
CD are symmetrical with respect to the real axis on the phase domain. 
20 Where the Walsh rotator rotates the points at chips, the points are 
rotated by a predetermined phase, respectively. 

For example, where the Walsh rotator rotates the point <D or 
® at an odd chip, the point CD or ® is rotated to a counterclockwise 
direction by a phase of 45° . Further, where the Walsh rotator rotates 
25 the point © or <D at an even chip, the point <D or <3) is rotated to 
a clockwise direction by the phase of 45° . After rotating the points 
CD and © or the points ® and ® at the odd and even chips as two 
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consecutive chips, a phase difference between the rotated points <X>> 
and ®< or the rotated points <§>' and *' becomes zero. Where the phase 
difference between the rotated points CD' and ©' or the rotated points 
9* and <D< does not become 90% a peak-to^average power ratio of a 
5 mobile station can not be reduced. 

Referring to Figs. 11 and 12, there are shown third exemplary 
views illustrating a desirable phase difference between rotated 
points on a phase domain where a Walsh rotator rotates points at 
consecutive chips. 

10 First, assume that data of 1 allocated to a first channel is 

spread by a spreading code of c„ s = {1, XV - 2/ - 1} , jr^t^, assUme 
that data of -1 allocated to a second channel is spread by a spreading 
code of C 4/ x = {1, 1, -i, -i}. Furthermore, assume that data of 1 
allocated to a third channel i s spread by a spreading code of C 4 , 0 

15 - {1, 1, x, l), 

in terms of the first channel, the spreader 130 shown in Fig. 
3 multiplies the data of l by the spreading code of C. , = II i 
-1, -1}, thereby generating a code of {1, l, -i, , 1} . Father, in 
terms of the second channel, the spreader 130 multiplies the data 

20 of -1 by the spreading code of C^-u, i, -i, - 1)f thereby generating 
a code of {-l, -l, i, i>. Furthermore, in terms of the third channel, 
the spreader 130 multiplies the data of 1 by the spreading code of 
C<, o - <1, l, 1, 1}, thereby generating a code of {1, l, i, i>. 

Where the spreader 130 includes an adder 131 shown in Fig. 12, 

25 the adder 131 generates a code of {0, 0, 2, 2) by adding the code 
of t -1 ' I* 1} to the code of {l, l, i, i). 
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Table 1 



Chip 


1 


2 


3 


4 


First Channel 


1 


1 

1 


-1 


-1 


Second Channel 


-1 


-1 


1 


1 


Third Channel 


1 


V 


1 


1 


Second channel + Third channel 


0 


0 


2 


2 



Table 1 represents the spreading codes allocated to three 
channels and a sum of two channels depending upon chips . At a first 
5 or second chi P/ a point {1, 0}, i.e., a point ®.or ©, is designated 
on the phase domain by first or second real values contained in the 
code of {1, l, -l, -1} and the code of (0, 0, 2, 2). At a third or 
fourth chip, a point {-l, 2), i.e., a point ® or <D, is designated 
on the phase domain by third or fourth real values contained in the 
10 code of {1, l, -i, -i} and the code of {0, 0, 2, 2}. The points © 
and <2> are positioned on the same point as each other. Also, the points 
® and <§> are positioned -on the same point as each other. Where the 
Walsh rotator rotates the points at chips, the points are rotated 
by a predetermined phase, respectively. 
15 For example, where the Walsh rotator rotates the point © or 

<D at an odd chip, the point © or ® is rotated to a clockwise direction 
by a phase of 45° . Further, where the Walsh rotator rotates the point 
© or © at an even chip, the point <D .or ® is rotated" to a 
counterclockwise direction by the phase of 45° . After rotating the 
20 points © and ® or the points ® and ® at the odd and even chips as 
two consecutive chips, a phase difference between the rotated points 
©' and ©' or the rotated points <3>' and ©' becomes 90° . Where the 
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Phase difference between the rotated points ©' and *' or the rotated 
points ®> and ®< beco.es 90*, a pea*-to-average power ratio of a 
mobile station can be reduced. 

Referring to Fi gs . 13 and 14, there are shown second exemplary 
5 views illustrating an undesirable phase difference between rotated 
points on a phase domain where a Walsh rotator rotates points at 
consecutive chips. 

First, assume that data of 1 allocated 1 to a first channel is 
spread by a spreading code of C 4 . 4 = (1, 1, ~1, : -i } . Further, assume 
10 that data of -1 allocated to a second channel is spread by a spreading 
code of c, ( 2 = {i, 1# , 1}> Furthermore, assume that data of 1 

allocated to a third channel is spread by a spreading code of c, 0 
= (1, 1, 1, 1}. 

in terms of the first channel, the spreader 130 shown in Fig. 
15 2 multiplies the data of 1 with the spreading code of c«. , - {i, 1, 
-1, -l), thereby generating a code of {l, 1, -1, Further, in 

terms of the second channel, the spreader 130 multiplies the data 
of-lby the spreading code of C 4 , 2 - {1, -1,1, -1), thereby generating 
a code of {-l, 1, -1,1}. Furthermore, in terms of the third channel, 
20 the spreader 130 multiplies the data of 1 by the spreading code of 
C«. 0 38 {1/ 1, 1, 1}, thereby generating a code of {1, 1, 1, ij. 

Where the spreader 130 includes an adder 133 shown, in Fig. 14, 
the adder 133 generates a code of {0, 2, 0, 2} by adding the code 
of {-1, 1, -1, 1} to the cocie of {1, 1, 1, 1} . 
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Chip 


1 


2 


3 


4 


First Channel 


1 


1 


-1 


-1 


Second channel 


-1 


1 


-1 


1 


Third Channel 


1 


1 


1 


1 


Second channel + third channel 


0 


2 


0 


2 



Table 2 represents the spreading codes allocated to three 
channels and a sum of two channels depending upon chips. At a first 
chip, a point {1, 0}, i.e., a point ©, is designated on the phase 
5 domain by first real values contained in the code of {1, 1, -l, -1} 
and the code of {0, 2, 0, 2}. At a second chip, a point {1, 2}, i.e., 
a point ©, is designated on the phase domain by second real values 
contained in the code of {1, 1, -l, -1} an d the code of {0, 2, 0, 
2}. At a third chip, a point {-1, 0}, i.e., a p oint ®, is designated 
io on the phase domain by third real" values contained in the code of 
{1, 1, -l, -1} and the code of {0, 2, 0, 2}. At a fourth chip, a 
point {-1, 2}, i.e., a point ©, is designated on the phase domain 
by third real values contained in the code of {1, 1, -l, ~i} and the 
code of {0,. 2, 0, 2} . 

The points ® and (D or the points @ and ® are positioned on 
different points from each other. Where the Walsh rotator rotates 
the points at chips, the points are rotated by a predetermined phase, 
respectively. 

For example, where the Walsh rotator rotates the point CD or 
20 (D at an odd chip, the point <D or ® is rotated to a clockwise direction 
by a phase of 45° . Further, where the Walsh rotator rotates the point 
® or <3> at an even chip, the point ® or ® is rotated to a 
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counterclockwise direction by the phased 45° . After rotating the 
points ® ana ® at the odd and even chips as two consecutive chips, 
a phase difference between the rotated points ®' and ©' does not 
become 90°. where the phase difference between the rotated points 
5 *- and <3>' does not become 90% a peak-to-average power ratio of a 
mobile station can increase. 

Further, after rotating the points ® and © at the odd and even 
chips as two consecutive chips, a phase difference between the rotated 
points CP and *' does not become 90% where the phase difference 
io between the rotated points <D' and ®> does not become 90°, the 
peak-to-average power ratio of a mobile station can increase. 

Referring to Fig. 15, there is shown an exemplary graphical 
diagram describing the probability of peak to average power. 

When a mobile station employs two channels and spreading codes 
15 of C 4 , 0 = {1, 1, i, i} and c< i m {lf lf ^ _ 1} allocated tQ the tWQ 

channels, a curve Gl is shown in the graphical diagram. At this time, 
the probability of the peak power exceeding the average power by 2 . 5 
dB is approximately 1%. 

Further, when a mobile station employs two channels and 
20 spreading codes of C„ 0 - fl, 1, i, 1} andc..,- <i, -i, lt _ 1} a ii ocated 
to the two channels, a curve G2 is shown in the graphical diagram. 
At this time, the probability of the peak power exceeding the average 
power by 2.5 dB is approximately 7%. 

Referring to Fig. re, there is shown a flowchart depicting a 
25 method for modulating a data message in a mobile station in accordance 
with the present invention. 

As shown, at step S1302, an encoder receives a data message to 
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be transmitted to a base station. 

At step S1304, the encoder encodes.the data message having one 
or more data parts and generates a control part. 

At step S1306, the encoder evaluates an SF related to the one 
5 or more data parts to send the SF from' an encoder to a CPU. 

At step S1308, the CPU produces information necessary to 
generate spreading codes to be allocated to channels. 

At step 33.310, a code generator generates the spreading codes. 
At step 81312, a spreader spreads the control part and the one 
0 or more data parts by the spreading codes . 

At step 81314, a scrambler scrambles the control part and the 
one or more data parts spread and a coznplex-valued scrambling code, 
to thereby generate a channel-modulated signal having a plurality 
of pairs of in-phase. (I) and quadrature-phase (Q) data in the mobile 
Station, 

Referring to Figs. 17 to 19, there are flowcharts Illustrative 
of a procedure for producing information necessary to generate 
spreading codes to be allocated to channels. 

As shown, at step S1402, the CPU receives the SF related to the 
one or more data parts from the encoder. 

At step S1404, the CPU determines a type of an event. 

At step S1408, lf the event is . cafie where a mobiie station 

uses two channels, the CPU produces an SF of 256 and a code number 
of 0 related to the control part. 

At step S1410, the CPU produces a code number of SF/4 related 
to the one data part where SF - 2 » and N = 2 to 8 . 

At step S1412, the CPU sends the code numbers and the SFs related 
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to the data and control parts to the code generator. 

On the other hand, at step 81414, if the event is a case where 
multiple mobile stations share a common complex-valued scrambling 
code, the. CPU produces a signature S. 
5 At step S1416, the CPU produces the SF of 256 and a code number 

of 16{S-1) + 15 related to the control part where S = 1 to 16. 

At step S1418, the CPU produces a code number of SF(S-1)/16 
related to the one data part where SF - 2\ n = 2 to 8 and S * 1 
to 16. 

10 At step S1420, the CPU sends the code numbers and the SFs related 

to the data and control parts to the code generator. 

On the other hand, at step S1424, if the event is a case where 
a mobile station uses multiple channels, the CPU produces a code 
number of 0 and the SF of 256 related to the control part allocated 
15 to the control channel. 

At step S1502, the CPU determines the number of data channels. 
At step S1504, if the number of data channels is two data channels, 
the CPU produces a code number of 1 and an SF of 4 related to a first 
data part allocated to a first data channel coupled to an I branch. 

At step S1506, the CPU produces a code number of 1 and the SF 
of 4 related to a second data part allocated to a second data channel. 

On the other hand, at step S150 8/ if the number of data channels 
is three data channels, the CPU produces the code number of 1 and 
the SF of 4 related to the first data part allocated to the first 
2S data channel. 

At step S1510, the CPU produces the code number of 1 and the 
SF of 4 related to the second data part allocated to the second data 
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channel „ 

i 

At step S1512, the CPU produces a code number of 3 and the SF 
of 4 related to the third data part allocated to the third data 
channel . 

5 On the other hand, at step S1514, if the number of data channels 

is four data channels, the CPU produces the code number of 1 and the 
SF of 4 related to the first data part allocated to the first data 
channel . 

At step SI 51 6, the CPU produces the code number of 1 and the 
10 SF of 4 related to the second data part allocated to the second data 
channel . 

At step S1518, the CPU produces the code number of 3 and the 
SF of 4 related to the third data part allocated to the third data- 
channel . 

IS At step S1520, the CPU produces the code number of 3 and the 

SF of 4 related to a fourth data part allocated to a fourth data 
channel . 

on the other hand, at step S1522, if tne number of data channels ' 
is five data channels, the CPU produces the code number of 1 and the 
20 SF of 4 related to the first data part allocated to the first data 
channel . 

At step SI 52 4, the CPU produces the code number of 1 and the 
SF of 4 related to the second data part allocated to the second data 
channel . 

25 At step S1526, the CPU produces the code number of 3 and the 

SF of 4 related to the third data part allocated to the third data 
channel . 
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At step S1528, the CPU produce, the code number of 3 end the 
SF of 4 rented to the fourth date pert allocated to the fourth data 
channel . 

At step S1530, the CPU produces the code number of 2 and the 
3 SF of 4 related to a fifth data part allocated to a fifth data chapel. 

on the other hand, at step S1532, if the number of data channels 
is srx data channels, the CPU produces the code nvuaber of 1 and the 
SF of 4 related to the first data part aliocated to the first data 
channel . 

At step S1S34, the CPU produces the code number of x and the 
SF of 4 related to the second data part aliocated to the second data 
channel . 

At step S1S36, the CPU produces the code nunber of 3 and the 
SF of 4 related to the third data part allocated to the third data 
15 channel . 

At step S1538, the CPU produces the code number of 3 and the 
SF of 4 related to the fourth data part allocated to the fourth data 
channel , 

At step S1S40, the CPU produces the code number of 2 and the 
20 SF of 4 related to the fifth data part allocated to the fifth data 
channel • 

At step S1S42, the CPU produces the code number of 2 and the 
SF of 4 related to a sixth data part allocated to a sixth data channel . 
At step S1S21, the CPU transits the code nu^ers and the SFs 
W related to the data and control parts to the code generator. 

Referring to Fig. 20, there is shown a flowchart showing a 
procedure of generating the spreading codes. 
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As shown, at step S1702, registers receive the code numbers and 
the SFs from the CPU, 

At step S1704, registers store the code numbers and the SFs. 
At step S1706, logical operators carry out logical operations 
5 in response to an 8-bit count value, thereby generating the spreading 
codes . 

At step S1708, multiplexers select the spreading codes in 
response to the SFs as select signals. 

Referring to Figs. 21 and 22, there are shown flowcharts 
10 describing a procedure of carrying out the logical operations in 
response to the 8-bit count value, thereby generating the spreading 
codes . 

As shown, at step S1802, each register receives a code number 
of l7l«Isl 4 I 3 l2*iIo and a predetermined SF. 
15 At step S1804, each register receives an 8-bit count value of 

B 7 B 6 B S B 4 B,B 2 B 1 B 0 from an 8-bit counter. 

At step S1806, a type of the predetermined SF is determined. 
At step S1808, ix the predetermined SF is SF 256 , each logical 
operator carries out a log ical operation G f 
20 B 7 • I e ©B, - • I*®B 4 * l a <BB 3 • I«©B 2 • I 5 e Bl • I 6 ©B 0 • I, . 

At step S1810, if the predetermined SF is SF 12B , each logical 
operator carries out a logical operation of 
B 6 • I 0 ©B S • 1,0b, • I 2 ©B 3 . I 3 ©B 2 • l 4 © Bl • I 5 ©B 0 • I 6 . 

At step S1812, if the predetermined SF is SF 64 , each logical 
is operator Carries out a logical operation Qf 

B 5 • I 0 ©B, • I^Bj • I 2 ©B 2 » I 3 © Bl . i^Bo • I 5 . 
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At step S1814, if the predetermined SF is SF 32 , each logical 
aerator carries out a logical operation of 
B 4 • I 0 ©B 3 • • I^Bi • I 3 ©B 0 • I, . 

At step S1816, if the predetermined SF is SF 16 , each logical 
5 operator carries out a logical operation of B 3 • r 0 ©B 2 . - I 2 ©B 0 .i 3 . 

At step S1818, if the predetermined SF is S F B , each logical 
operator carries out a logical operation of B 2 • I^B,- X l ©B 0 -l, . 

At step S1820, if the predetermined SF is SF 4 , each logical 
operator carries out a logical operation of B^lp^a.^. 
10 At step S1822, each multiplexer generates a spreading code in 

response to the SF. 

Although the preferred embodiments of the invention have been 
disclosed for illustrative purposes, those skilled in the art will 
appreciate that various modifications, additions and substitutions 
15 are possible, without departing from the scope and spirit of the 
invention as disclosed in the accompanying claims. 
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What la claimed 1,^;, 

i 

1- An apparatus for converting source -data to a channel- 
modulated signal having a plurality of pairs of in-phase (I) and 
5 quadrature-phase (Q) data in a mobile station , wherein ^ 
station uses at least one channel, comprising: 

channel coding means for encoding the source data to generate 
at least one data part and a control part; 

code generating means for generating at least one spreading code 
io to be allocated to the channel, wherein each spreading code is 
selected on the basis of a data rate of the data part and the control 
part and spreading codes are selected so that two consecutive pairs 
of the I and Q data are correspondent to two points located on same 
point or symmetrical with respect to a zero point on a phase domain; 
15 and 

spreading means for spreading the control part and the data part 
by using the spreading code, to thereby generate the channel- 
modulated signal. 
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2. The apparatus as recited in claim 1, wherein said channel 
coding means includes: 

spreading factor generation mean for generating a spreading 
factor related to the data rate of the data part. 

3. The apparatus as recited in claim 2, wherein said code 
generating means includes: 

control means responsive to the ' spreading factor, • for 

33 



generating a code number for the channel; and 

spreading code generation means responsive to the spreading 
factor and the code number, for generating the spreading code to be 
allocated to the channel. 

i 

4. The apparatus as recited in claim 3, wherein said control 
means generates a spreading factor and a code number related to the 
control part. 



10 5. The apparatus as recited in claim 4, wherein said spreading 

code generation means generates a spreading code related to the 
control part in response to the spreading factor and the code number 
related to the control part. 

15 6. The apparatus as recited in claim 5, wherein said spreading 

code generation means includes: 

counting means for consecutively producing a count value in 
synchronization with a clock signal; 

first logical operation means responsive to the count value for 
20 carrying out a logical operation with the spreading factor and the 
code number related to the data part, to thereby generate the 
spreading code related to the data part; and 

second logical operation means responsive to the count value 
for carrying out a logical operation with related to the control 
25 part, to thereby generate the spreading code related to the control 
part. 
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7. The apparatus as recited in claim 6, wherein said spreading 
code generation means further includes: 

l 

first selection means for outputting the spreading code related 
to the data part in response to a select signal as the spreading factor 
5 related to the data part; and 

second selection means for outputting the spreading code 
related to the control part in response to a select signal as the 
spreading factor related to the control part. 
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8. The apparatus as recited in claim 7, wherein each of said 
first and second logical operation means receives a code number of 
I 7 I 0 I s I 4 Z i Z 1 I 1 I o/ a count value of B,B 6 B 9 B«B 3 B 2 B 1 B 0 and a predetermined 
spreading factor. 

9. The apparatus as recited in claim 8, wherein each of first 
and second logical operation means carries out a logical operation 

of Yl 9l i* B *r-\-i 1; f the predetermined spreading factor is 2" where N 
is 2 to 8. 



20 10. The apparatus as recited in claim 9, wherein said counting 

means includes an 8-bit counter when the 2 N is a maximum spreading 
factor. 

11. The apparatus as recited in claim 10, wherein said first 
25 and second logical operation means include a plurality of AND gates 
and a plurality of exclusive OR gates, respectively. 
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12. The apparatus as recited in claim 11, wherein said first 
and second selection means include a multiplexer, respectively. 

5 13 . The apparatus as recited in claim 11, wherein said spreading 

means includes multipliers. 

14. The apparatus as recited in claim 13, wherein said 
multipliers include: 

10 first multiplier for multiplying the data part by the spreading 

code related to the data part; and 

second multiplier for multiplying the control part by the 
spreading code related to the control part. 

15 15 • Tne apparatus as recited in claim 14, wherein said mobile 

station includes a data channel and a control channel. 

16. The apparatus as recited in claim 15, wherein the spreading 
factor and the code number related to the control part are 256 and 

20 0, respectively and wherein the control part' is allocated to the 
control channel. 

17. The apparatus as recited in claim 16, wherein the spreading 
factor related to the data part is 2" where N = 2 to 8 and wherein 

25 the code number related to the data part is 2"/4 and wherein the data 
part is allocated to the data channel. 
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18, The apparatus as recited in claim 15, wherein said code 
generating means further includes; 

signature generation means for generating a predetermined 
signature; and 

5 scrambling code generation means for generating a scrambling 

code. 

19. The apparatus as recited in claim 18, wherein the code 
numbers related to the data part and the control part are dependent 

10 on the predetermined signature, if the scrambling code is shared by 
multiple mobile stations and wherein the data part and the control 
part are allocated to the data channel and the control channel, 
respectively . 

IS 20 ► The apparatus as recited in claim 19, wherein the spreading 

factor related to the control part is 256 and. wherein the code number 
related to the control part is 16(5-1} +15 where S = 1 to 16 and S 
is the predetermined signature. 

20 21. The apparatus as recited in claim 20, wherein the spreading 

factor related to the data part is 2 N where N = 5 to 8 and wherein 
the code number related to the data part is 2 W (S-1)+15. 

22. The apparatus as recited in claim 1, wherein the spreading 
25 codes include an orthogonal variable spreading factor (OVSF) code. 

23. The apparatus as recited in claim 1, further comprising: 
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scrambling means for scrambling the data and control parts and 
a scrambling code, to thereby rotate the two points . 

24. The apparatus as recited in claim 23, wherein the two points 
5 includes a first point and a second point. 

25. The apparatus as recited in claim 24, wherein the first and 
second points are rotated to clockwise and counterclockwise 
directions by a phase of 45°, respectively. 

3 

26. The apparatus as recited in claim 25, wherein a phase 
difference between the rotated first and second points is 90 c . 

27. The apparatus as recited in claim 24, wherein the first and 
i second points are rotated to counterclockwise and clockwise 

directions by a phase of 45°, respectively. 

28. The apparatus as recited in claim 27, wherein a phase 
difference between the rotated first and second points is 90°. 

29. An apparatus for converting source data to a channel- 
modulated signal having a plurality of pairs of in-phase (I) and 
quadrature-phase (Q) data in a mobile station', wherein the mobile 
station uses N number of channels where N is a positive integer, 
comprising: 

channel coding means for encoding the source data to generate 
(N~l) number of data parts and a control part; 
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code generating means for generating N number of spreading codes 
to be allocated to the channels, wherein each spreading code is 
selected on the basis of a data rate of each data part and the control 
part and the spreading codes are selected so that two consecutive 
5 pairs of the I and Q data are correspondent to two points located 
on same point or symmetrical with respect to a zero point on a phase 
domain; and 

spreading means for spreading the control part and the data parts 
by using the spreading codes, to thereby generate the channel- 
10 nodulated signal . 

30. The apparatus as recited in claim 29, wherein said mobile 
station includes a control channel and six data channels. 

15 31. The apparatus as recited in claim 30, wherein said six data 

channels include first, second, third, fourth, fifth and sixth data 
channels - 

32. The apparatus as recited in claim 31, wherein the spreading 
20 code allocated to the control channel is represented by C 25€ , 0 made 
up of l's. 

33- The apparatus as recited in claim 32, wherein the spreading 
codes allocated to the first and second data channels are represented 
25 by C 4 , x = {1, 1, -1, -1}, respectively. 

34. The apparatus as recited in claim' 33, wherein the spreading 
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codes allocated to the third and fourth data channels are represented 
byC,, 3 = (1/ -1, -1/ 1}, respectively. 

35. The apparatus as recited in claim 34, wherein the spreading 
codes allocated to the fifth and sixth data channels are represented 
b Y C 4 , a = (1/ -1/ 1/ -1}, respectively. 

36. The apparatus as recited in claim 29, wherein the spreading 
codes include an orthogonal variable spreading factor (OVSF) code. 

37. The apparatus as recited in claim 29, further comprising: 
scrambling means for scrambling the data and control parts and 

a scrambling code, to thereby rotate the two points. 

38 . The apparatus as recited in claim 37, wherein the two points 
includes a first point and a second point. 

39. The apparatus as recited in claim 38, wherein the first and 
second points are rotated to clockwise and counterclockwise 
directions by a phase of 45° , respectively. 

40. The apparatus as recited in claim 39, wherein a phase 
difference between the rotated first and second points is 90°. 

41. The apparatus as recited in claim 38, wherein the first and 
second points are rotated to counterclockwise and clockwise 
directions by a phase of 45°, respectively. 



42. The apparatus as recited in claim 41, wherein a phase 
difference between the rotated first and second points is 90°. 

5 43, A mobile station for converting source data to a 

channel-modulated signal having a plurality of pairs of in-phase (I) 
and quadrature-phase (Q) data, wherein the mobile station uses N 
number of channels where N is a positive integer, comprising: 

channel coding means for encoding the source data to generate 
10 (N-l) number of data parts and a control part; 

code generating means for generating N number of spreading codes 
to be allocated to the channels, wherein each spreading code is 
selected on the basis of a data rate of each data part and the control 
part and the spreading codes are selected so that two consecutive 
15 pairs of the I and Q data are correspondent to two points located 
on same point or symmetrical with respect to a zero point on a phase 
domain; and 

spreading means for spreading the control part and the data parts 
by using the spreading codes, to thereby generate the channel- 
20 modulated signal. 

44. The mobile station as recited in claim 43, further 
comprising: 

central processing unit coupled to said channel coding means; 
25 user interface means coupled to the central processing unit for 

receiving a user input data from a user; and 

source data generation means coupled to said channel coding 
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means for generating the source data. ; 

i 

i 

45, The mobile station as recited in claim 44, further 
comprising; 

5 frequency converting means coupled to said Spreading means f oj: 

i 

converting the channel-modulated signal to a radio frequency signal 1 
and ! 

antenna for sending the radio frequency signal to abase station i 

i 
i 

l 

10 46. A method for converting source data to a channel- modulated 

signal having a plurality of pairs of in-phase (I) anA 
quadrature-phase (Q) data in a mobile station/ wherein the mobile 
station uses at least one channel, comprising the steps of: 

a) encoding the source data to generate at least one data parij: 
15 and a control part; j 

b) generating at least one spreading code to be allocated to 
the channel, wherein each spreading code is selected on the basis 
of a data rate of the data part and the control part and spreading 
codes are selected so that two consecutive pairs of the I and Q data 

20 are correspondent to two points located on same point or symmetrica J, 
with respect to a zero point on a phase domain; and 

c) spreading the control, part and the data part by using the 
spreading code, to thereby generate the channel-modulated signal.; 

15 47 • The method as recited in claim 46, wherein said step a)' 

includes the steps of: j 
al) encoding the source data to generate the data part and the 
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control part; and 

a2) generating a spreading factor related to the data rate of 
the data part, 

5 48. The method as recited in claim 47, wherein said step b) 

includes the steps of t 

bl) generating the spreading code to be allocated to the channel; 

and 

b2) generating a spreading code related- to the control part, 

10 

49. The method as recited in claim 48, wherein said step bl) 
includes the steps of: 

bl^a) generating a code number for the channel in response to 
the spreading factor; and 
15 bl-b) generating the spreading code to be allocated to the 

channel in response to the spreading factor -and the code number. 

50. The method as recited in claim 49, wherein said step b2) 
includes the steps of: 

20 b2-a) generating a spreading factor and a code number related 

to the control part; and 

b2-b) generating the spreading code related to the control part 
in response to the spreading factor and the code number related to 
the control part. 

25 

51. The method as recited in claim 50, wherein said step bl-b) 

i 

includes the steps of: 
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bl-bl) producing a count value in synchronization with a clock 
signal/ and 

bl-b2) carrying out a logical operation with the spreading 
factor and the code number related to the data part in response to 
the count value, to thereby generate the spreading code related to 
the data part. 

S2. The method as recited in claim 51, wherein said step b2-b) 
includes the steps of: 

b2-bl) producing the count value in synchronization with the 
clock signal; and 

b2-b2) carrying out the logical operation the spreading factor 
and the code number related to the control part in response to the 
count value, to thereby generate the spreading code related to the 
control part. 

53. The method as recited in claim 52, wherein the code number 
and the count value are represented by an 8-bit signal of 
:M«IsI,I 3 I 2 I,I 0 and an 8-bit signal of B 7 B s B s B 4 BiB 2 B x B 0 , respectively. 

54. The method as recited in claim 53, wherein the logical 
operation is accomplished by ][[*/,•*„..,_, if the spreading factor is 

1=0 

2 M where N is 2 to 8 . 



55. The method as recited in claim 54, wherein the mobile station 
includes a data channel and a control channel. 
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56. The method as recited in claim 55, wherein the spreading 
factor and the code number related to the control part are 256 and 
0, respectively and wherein the control part is allocated to the 

5 control channel » 

57. The method as recited in claim 56/ wherein the spreading 
factor related to the data part is 2 N where N = 2 to 8 and wherein 
the code number related to the data part is 2 w /4 and wherein the data 

10 part is allocated to the data channel, 

58. The method as recited in claim 55, wherein said step b) 
further includes the steps of; 

b3) generating a predetermined signature; and 
15 b4) generating a scrambling code* 

59. The method as recited in claim 58, wherein the code numbers 
related to the data part and the control part are dependent on the 
predetermined signature, if the scrambling code is shared by multiple 

20 mobile stations and wrherein the data part and the control part are 
allocated to the data channel and the control channel, respectively. 

60. The method as recited in claim 59, wherein the spreading 
factor related to the control part is 256 and wherein the code number 

25 related to the control part is 16(S-1)+15 where S = i to 16 and S 
is the predetermined signature. 
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61. The method as recited in claim 60, wherein the SF related 
to the data part is 2 H where N = 5 to 8 and wherein the code number 
related to the data part is 2 N (S-1)+15. 

5 62. The method as recited in claim 46, wherein the spreading 

codes include an orthogonal variable spreading factor (OVSF) code. 

63. The method as recited in claim 46, further comprising the 
step of: 

3 d) scrambling the data and control parts and a scrambling code, 

to thereby rotate the two points. 

64. The method as recited in claim 63, wherein the two points 
include a first point and a second point. 

65. The method as recited in claim 64, Wherein the first and 
second points are rotated to clockwise and counterclockwise 
directions by a phase of 45°, respectively. 

66. The method as recited in claim 65, wherein a phase difference 
between the rotated first and second points is 90«. 

67. The method as recited in claim 64, wherein the first and 
second points are rotated to counterclockwise and clockwise 
directions by a phase of 45°, respectively. 

68 . The method as recited in claim 67, wherein a phase difference 
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between the rotated first and second points is, 90 c . 

69. A method for converting source data to a channel- modulated 
signal having a plurality of pairs of in-phase (I) and 
5 quadrature-phase (Q) data in a mobile station, wherein the iciobile 
station uses N number of channels where N is a positive integer, 
comprising: . 

a) encoding the source data to generate (N-l) number of data 
parts and a control part; 

10 b) generating N number of spreading codes to be allocated to 

the channels, wherein each spreading code is selected on the basis 
of a data rate of each data part and the control part and the spreading 
codes are selected so that two consecutive pairs of the I and Q data 
are correspondent to two points located on same point or symmetrical 

15 with respect to a zero point oxx a phase domain; and 

c) spreading the control part and the data parts by using the 
spreading codes, to thereby generate the channel-modulated signal. 

70 „ The method as recited in claim 69, wherein the mobile station 
20 includes a coiitrol channel and six data channels, 

71. The method as recited in claim 70, wherein said six data 
channels include first/ second, third, fourth, fifth and sixth data 
channels . 

25 

72. The method as recited in claim 71, wherein the spreading 
code allocated to the control channel is represented by C 256 , 0 i&ade 
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up of l's. 
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73. The method as recited in claim 72 , wherein the spreading 
codes allocated to the first and second data channels are represented 

5 by C„, j = {1, 1, -i, -i}, respectively. 

74. The method as recited in claim 73, wherein the spreading 
codes allocated to the third and fourth data channels are represented 
by c 4< 3 - {l, -i, -i, i}, respectively. 

10 

75. The method as recited in claim. 74, wherein the spreading 
codes allocated to the fifth and sixth data channels are represented 
by C At 2 = {1, -1, 1, -1}, respectively. 

15 76. The method as recited in claim 69, wherein the spreading 

codes include an orthogonal variable spreading factor (OVSF) code. 

77. The method as recited in claim 69, further comprising the 
step of: 

20 d) scrambling the data and control parts and a scrambling code, 

to thereby rotate the two points. 

78. The method as recited in claim 77, wherein the two points 
include a first point and a second point. 

25 

79. The method as recited in claim 78, wherein the first and 
second points are rotated to clockwise and counterclockwise 
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directions by a phase of 45° , respectively* 

80. The method as recited in claim 79, wherein a phase difference 
between the rotated first and second points is 90° . 

81. The method as recited in claim 78, wherein the first and 
second points are rotated to counterclockwise and clockwise 
directions by a phase of 45% respect! vely. 

82 „ The method as recited in claim 81, wherein a phase difference 
between the rotated first and second points is 90°. 

83. Apparatus for converting source data to a channel-modulated signal having 
a plurality of pairs of in-phase (I) and quadrature-phase (Q) data in a mobile station, 
substantially and herein described with reference to and as illustrated in the 
accompanying drawings. 

84. A mobile station for converting source data to a channel-modulated signal 
having a plurality of pairs of in-phase (I) and quadrature-phase (Q) data, substantially as 
herein described with reference to and as illustrated in the accompanying drawings. 

85. A method of converting source data to a channel-modulated signal having 
a plurality of pairs of in-phase (I) and quadrature-phase (Q) data in a mobile station, 
substantially as herein described with reference to the accompanying drawings. 
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